Objective: The aim of this study was to evaluate the risk factors of depressive symptoms in occupational noise-induced hearing loss (NIHL) patients. Methods: A total of 106 patients were divided into depressive symptoms (ONHLPD) and without depressive symptoms (non-ONHLPD) according to the Self-rating Depression Scale. Questionnaires and laboratory data were collected and analyzed. Data were analyzed with independent t-test, Wilcoxon test, Pearson correlation analysis and multiple linear regression models. Results: The prevalence of depressive symptoms was 53.8% in occupational NIHL patients. In ONHLPD, duration of the hearing loss, level of serum cortisol, scores of Pittsburgh Sleep Quality Index and Tinnitus Handicap Inventory were all significantly higher than those of non-ONHLPD. Conclusion: The prevalence of depressive symptoms was relatively high in occupational NIHL patients. Duration of the hearing loss, sleep quality and tinnitus severity were the risk factors for occupational NHIL patients with depressive symptoms.
INTRODUCTION
Occupational noise-induced hearing loss (NIHL) had been recognized since as early as the 18th century, when it was mentioned that copper miners and blacksmiths suffered from hearing impairment because of continuous exposure to noise. [1] As one of the most prevalent occupational diseases, occupational exposure to continuous high levels of noise causes a great number of hearing loss patients, the Occupational and Environmental Health Unit of World Health Organization reported that 16% of the disabling hearing loss in adults is attributable to occupational noise exposure. [2] In USA, there are more than 22 million US workers are exposed to occupational high level of noise and an estimated $242 million is spent annually on compensation for hearing loss disability. [3] In China, the largest developing country of the world, occupational NIHL has become the third most serious occupational disease with rapid urbanization and industrialization according to data from the National Centers for Disease Control and Prevention. [4] Except for hearing damage caused by noise, evidence of the non-auditory effects of noise exposure on mental health is growing. As an important environmental stressor, previous studies revealed that loud noise can induce a variety of symptoms including changes in emotional stress, increase in social conflicts, sleep disturbance, anxiety, depression, as well as general psychiatric disorders. [5] [6] [7] In those mental disorders, depression has been identified as the most prevalent mental illness and a leading cause of disability and suicide rates. [8, 9] However, clinical studies on the associations between depression and noise have shown conflicting results. [10] Some previous studies revealed that high aircraft noise resulted in both acute and chronic irritability and depressive symptoms in local residents. [11, 12] A result from Nationwide Survey of Korea showed that occupational noise annoyance was significantly related to mental health, including depressive symptoms and suicidal ideation. [13] However, another investigation failed to find an association between aircraft noise and psychiatric hospital admission rates after adjusted for socio-demographic variables. [14] Additionally, a prospective research also found no association between mental disorder and traffic noise after controlling for socio-demographic factors. [15] Besides the conflicting results, studies on the effects of psychological symptoms are often ignored in the process of treatment for patients of occupational NIHL. It is surprising that prevalence and the characteristics of depressive symptoms for patients with occupational NIHL have not been studied before. By using cross-sectional survey, the aim of this study is to estimate the frequency and characteristics of depressive symptoms occurring with patients of occupational NIHL. The patients were divided into ONHLPD and non-ONHLPD according to the depression scale score. The differences between two groups, including patients' age, gender, educational level, duration of occupational NIHL, noise level, auditory thresholds, years of working, sleep quality, degree of tinnitus and cortisol levels were studied. Furthermore, the differences in these influential factors which contributed to the depressive symptoms in patients with occupational NIHL were also addressed. (4) no history of the use of antidepressant drugs, no alcohol or psychoactive substances dependence; (5) volunteer, good compliance and signed informed consent.
METHODS

Participants
Exclusion criteria: (1) History of ototoxic drugs use or other ear diseases that caused deafness; (2) having severe visual impairment or dysgraphia, unable to cooperate and complete the questionnaire; (3) having cancer, hepatic failure, renal failure, diabetes or other serious medical diseases; (4) infection or a history of alcohol intake within the previous week.
Clinical interviews
All participants were required to attend a clinical Interview. They were informed of the purpose, procedure and possible benefits and risks of participation in this study. The participants who agreed to join the trial were asked to sign informed consent forms and to provide information on their names, age, gender, nationality, marital status, educational level, previous history including previous medical history, treatments received and current medication. All subjects in this study were also interviewed by an experienced psychiatrist to determine whether the patients met the criteria of depression symptoms. In this study, Zung Selfrating Depression Scale (ZSDS) was applied for the communication obstacle by hearing loss in the process of filling out the scale.
Zung Self-rating Depression Scale (ZSDS)
The depression symptoms were measured by adopting the Chinese edition of ZSDS. This scale was designed by William WK Zung for the purpose of evaluating the level of depression in patients who experience depression-related symptoms. [17] In China, this scale has been widely used. It has been confirmed that ZSDS is reliable and valid for the Chinese population. [18, 19] The scale contains 20 items, with each is scored on a scale of 1-4 (never, some of the time, relatively often and almost always). The original score range of this scale is from 20 to 80. In addition, higher score represents severer depressive symptoms. In previous studies, depression severity was defined as four categories according to the original score as follows: normal range below 40 points; mild depression 40-47 points; moderate depression 48-55 points; severe depression 56 points and above. [20] Tinnitus Handicap Inventory (THI) THI was adopted to assess the disability and the amount of distress that tinnitus evoked. THI has been recommended as a research tool for diagnostic purpose or assessment of tinnitus severity. THI Chinese version has good reliability (the splithalf reliability is 0.88, test-retest reliability is 0.98 and Cronbach's a is 0.90). [21] It is comprised of 25 items including functional, emotional and catastrophic subscales. Each item is scored on a scale of 0-2-4 (0 for no, 2 for sometimes, 4 for yes). The score range of this scale is from 0 to 100. There are five degrees of severity for the THI score: 0-16=slight or; 18-36=mild handicap; 38-56 =moderate handicap; 58-76= severe handicap; 58-100=catastrophic handicap. [22] Pittsburgh Sleep Quality Index (PSQI) PSQI is one of the most validated and widely used questionnaires to measure sleep quality and disturbances during the past month. It has been translated into many languages and widely used in clinical research. The Chinese version of PSQI has an overall reliability coefficient of 0.82∼0.83 for all subjects. 
Assessment of the serum cortisol
After completing scale assessments, all participants were led to the Blood Collection Department and 2 ml elbow vein fasting blood was withdrawn with a single-use arterial blood gas needle in the morning. The serum samples were separated and stored at −80°C until assayed. No sample was stored for longer than 2 weeks. Serum cortisol was measured by electrochemiluminescent immunoassay on a Roche Diagnostics Cobas E602 Analytics Platform (Roche Diagnostics, Indianapolis, USA).
Pure-tone audiometry
Pure-tone audiometry has remained the unequivocal gold standard for assessment of hearing as a clinical tool. The pure-tone audiometry for all frequencies was determined by Diagnosis of Occupational Noise-induced Deafness in China, GBZ 49-2014) [16] in the audiometric center. The mean hearing level (dB HL) was calculated by averaging all thresholds for both ears measured in PTA from 125 to 8 kHz. Hearing ability was defined according to a speechfrequency pure tone average of thresholds at 0.5, 1, 2 and 4 kHz in the better-hearing ear. Analysis of the hearing impairment severity was based on the grades of hearing impairment which the World Health Organization applies: normal hearing <25.0 dB, mild impairment 26-40 dB, moderate impairment 41-60 dB, severe impairment 61-80 dB, profound impairment ≥81 dB. [25] 
Data Analysis
Categorical data were presented with cases and constituent rates (n, %) and analyzed with the chi-squared tests (or Fisher's exact test). After the data normality test, the normally distributed data were presented as means ± standard deviations (?X±SD) and analyzed with independent t-test. The non-normally distributed data were presented as medians and interquartile range [M (P25, p75)] and analyzed with the Wilcoxon test. The relationship between two variables was determined by using Pearson correlation analysis and multiple linear regression models with enter method. Data were analyzed with the SPSS 19.0 (SPSS Inc., Chicago, IL, USA) software package. The significance level was set to P0.05.
RESULTS
This study consists of 106 patients with occupational NIHL in Guangdong Provincial Hospital for Occupational Disease Prevention and Treatment from June 2016 to December 2017, 93 males (87.7%) and 13 females (12.3%). According to the ZSDS scores, 106 occupational NIHL patients were divided into two groups: 57 in ONHLPD and 49 in non-ONHLPD. Therefore, in this study, the prevalence of depressive symptoms was 53.8% (57/106) in patients with occupational NIHL. Among 57 occupational NIHL patients with depressive symptoms, 29 occupational NIHL patients (27.4 %) suffered from mild depression, 21 patients (19.8 %) suffered from moderate depression, while 7 patients (6.6 %) had severe depression [ Figure 1 ].
Analysis of general data between two groups
General characteristics can be shown in Table 1 . The ages of these patients ranged from 25 to 60 with a mean age of 42.88 ± 7.35 years old in ONHLPD and 41.5±7.32 in non-ONHLPD. In ONHLPD, 14% of them were primary school education, and 49.1% were middle school education and 36.8% were college education or higher. In non-ONHLPD, 14.3% were primary school education, and 51% were middle school education and 34.7% were college education or higher. The t-test and chi-square tests showed that there were no significant differences between the two groups in terms of age, gender and educational level (P > 0.05). Table 2 shows the results of the comparison of THI scores, PSQI scores, cortisol level and duration of ONIHL, auditory thresholds, noise level and years of working between two groups. Occupational NIHL patients in ONHLPD recorded a longer duration of occupational NIHL (Z = −3.419, P < 0.01) and higher serum cortisol level than those in non-ONHLPD (t = 2.996, P < 0.01). Patients with depression also had a higher PQSI score (x 2 = 43.289, P < 0.01) and higher THI score (x 2 = 50.941, P < 0.01). There were no significant differences between the auditory thresholds, noise level and years of working in two groups (P > 0.05).
Analysis of characteristics of noise-induced hearing loss between two groups
Correlation analysis between characteristics of noiseinduced hearing loss in two groups
In ONHLPD, cortisol level was positively correlated with the duration of occupational NIHL (r = 0.297, P > 0.01), and THI scores were positively correlated with auditory threshold (r = 0.362, P < 0.01). However, in non-ONHLPD, only auditory threshold was positively correlated with the noise level (r = 0.436, P < 0.01). Furthermore, THI scores were significantly positively correlated with PSQI scores in both two groups (r = 0.327, P = 0.013; r = 0.476, P < 0.01) [ Table 3 ].
Correlation analysis between depression and other relevant factors of Occupational NIHL
To identify the relevant factors of occupational NIHL to depressive status, Pearson correlation analysis was first applied to study the relationship between depressive status and various factors. The results indicated that higher depressive status was positively correlated with THI score, PSQI score and duration of occupational NIHL in total patients of occupational NIHL (r = 0.77, P < 0.001?r = 0.71, P < 0.001?r = 0.21, P = 0.031) [ Table 4 ]. For Pearson correlation analysis can only check depressive status with other variables, to integrate multiple independent variables into depression status analyses, multiple linear regression models with enter analysis were carried out. ZSDS scores, THI scores, PSQI scores, cortisol level, duration of hearing loss, threshold of hearing, noise intensity, working age of the patient, sex and education were all regarded as independent variables [ Table 5 ]. The results of multiple linear regression models in all the patients also supported that PSQI scores, THI scores and duration of occupational NIHL had positive associations with ZSDS scores (Beta = 0.55, P < 0.001; Beta = 0.33, P < 0.001; Beta = 0.11, P < 0.05).
DISCUSSION
Empirical data about the incidence of depression in hearing loss patients with occupational NIHL are still lacking. In this study, it was found that 53.8% of patients with occupational NIHL reported depressive symptoms. Similar to our result, previous evidence suggested that hearing loss adults have a higher prevalence of depressive symptoms than those without hearing loss. [26] [27] [28] For example, one study was conducted to examine the relationship between depression and selfreported hearing loss for US adults aged 18 years or older, which showed that prevalence of moderate to severe depression was 11.4% for adults with any self-reported hearing loss and 5.9% for those whom had normal hearing. [29] Combine with previous studies, more than half incidence rate of depression in our patients with occupational NIHL suggested that health care professionals among patients with occupational hearing loss should be aware of an increased risk for depression.
Previous studies have not identified the relationship between the severity of depression and the level of occupational noise exposed. In this study, no significant differences were discovered in the level of occupational noise exposed between two groups. A study from Japan about the aircraft noise identified that depression was significantly influenced by the intense of noise exposure, and the rates of mental illness increasing according to noise level. [12] This finding was different from the result from our study. Besides the differences in level and source, subjects of this research all have left their working place for months or years after hearing loss, so the occupational noise exposure had weaker influence on them, and this was considered as one of the causes of the differences.
In addition, data of this study also showed that auditory thresholds were not correlated with the severity of depression. This finding keeps pace with one pervious investigation that hearing loss did not appear increased risk of major depressive disorder in Hispanics. [30] In contrast, Li et al. [29] reported that there was a significant association between depression and a threshold-based measure of moderate hearing loss in US adults. These apparently inconsistent results may be related to the differences of age, ethnically distinct populations or methods applied to access the hearing loss.
The present study showed that duration of occupational NIHL was strongly related to the depressive symptoms and indicated that it was a major risk factor for depressive symptoms. Disease duration is a variable strongly related to depression in some special diseases, such as obesity, [31] Parkinson's disease [32] and post stroke, [33] . In general, those studies found that the longer the duration of the disease, the higher the incidence rate of depression. Additionally, previous studies showed that the level of depression did not correlate with severity of tinnitus but duration of it. [34, 35] Thereby, these findings suggest that longer duration may contribute to the higher depression score.
This study found that there were sleep disorders in 84.2% of patients with occupational NIHL in ONHLPD, but only 20.4% in non-ONHLPD. These findings consistent with a previous study reported that insomnia might occur in 60%-80% of depression patients. [36] In this study, both Pearson correlation analysis and multiple linear regression analysis suggested that sleep quality was significantly associated with depressive score; good sleep quality was conducive to reduce the level of depression. It is consistent with the previous studies on depression patients. [37, 38] Finding of this study suggested that sleep quality was considered as a risk factor for depression, disordered sleep was considered as an important comorbid condition in patients with depression, for some researchers suggested that the relationship between insomnia and depressive disorders was reciprocal. [39] Previous clinical interviews suggested that a large variable prevalence rate of depressive disorders in tinnitus patients was from 14% to 80%. [40] In this study, strong correlations between tinnitus scores (THI) and ZSDS was found. Similar to this study, a lot of previous clinical studies have demonstrated a clear and linear relationship between tinnitus and depression. [41, 42] Although multiple linear regression analysis suggested that tinnitus could be a riskier factor for depressive symptoms, the interpretation still needed to be treated with caution, for severe tinnitus may cause depression; alternatively, the presence of depression may reduce an individual's tolerance of tinnitus, leading to exaggeration of the symptoms to tinnitus. [34] Furthermore, Deniz and his colleagues showed both depression and tinnitus had a similar molecular mechanism of serotonin disorder. [43] Thereby, a cause-andeffect relationship between tinnitus and depression can be set up, tinnitus can cause or be caused by depression, but it is difficult to know what came first.In the mean time, a significant relationship between tinnitus and sleep quality both in ONIHLPD and non-ONIHLPD was observed, the poorer sleep quality, the severer annoyance and intensity of tinnitus. Similarly, previous studies showed that the prevalence of sleep disorders in tinnitus sufferers varied from 25% to 77%, and insomnia was one of the most common problems reported by patients with tinnitus. [44] [45] [46] However, it still remains unclear whether sleep disorder is a consequence or a comorbid condition of tinnitus sufferers. Thus further studies are needed to examine whether tinnitus leads to sleep disorder or vice versa.
Cortisol is the principal hormonal product of human hypothalamic-pituitary-adrenal (HPA) axis, a closelooped endocrine system, which has been suggested as a stress marker and a useful tool to measure noise-related stress. [47] Recently, some researchers begin to determine the HPA axis that contributes to the onset and occurrence of depression. [48] Although this study found that mean value Table 2 ], both the Pearson correlation analysis and multiple linear regression models showed that cortisol level was not a risk factor for occupational NIHL patients' depressive symptoms [Tables 4 and 5 ]. In addition, patients in ONHLPD had longer course of occupational NIHL [ Table 2 ] and cortisol was positively relevant to duration of occupational NIHL in ONHLPD [ Table 3 ]. Thus, it could be suspected that the elevated cortisol level could be the result of longer course of occupational NIHL, but not depressive symptoms.
Some limitations in this study should be acknowledged. First, relatively small samples may not be entirely adequate to avoid systematic bias effects and inflated effect size estimates. Second, selection bias could exist since the subjects in this study were conveniently chosen from the specialized occupational-disease-prevention hospital set up by the provincial government of Guangdong province. Thus, caution should be exercised when extrapolating this study results to nationwide or a broader area. Third, the direction of causality between depression states and related factors cannot be determined because of the cross-sectional design. Thus larger and more diverse population-based samples studies need to be done in future.
In conclusion, the major findings of this study are as follows:
(1) results showed that a high prevalence (53.8%) of depressive symptoms in patients with occupational NIHL, the effects of hearing loss by occupational noise on psychiatric disorders especially depressive symptoms should not be ignored. (2) There is a correlation between duration of hearing loss and depression, however, the level of occupational noise exposure and auditory thresholds do not correlate with the severity of depression. (3) Although mean value of cortisol was higher in ONHLPD, cortisol level was not a risk factor for occupational NIHL patients' depressive symptoms. (4) There are correlations among scores of sleep, tinnitus and depression. The relationships between them may be reciprocal. All these findings should be taken into consideration in the treatment of patients who suffer from occupational NIHL.
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